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ABSTRACT

This paper examines Beijing air quality in the winter and
summer of 2001 using an integrated air quality modeling
system (Fifth Generation Mesoscale Meteorological
Model [MMS]/Community Multiscale Air Quality
[CMAQ)]) in nested mode. The National Aeronautics and
Space Administration (NASA) Transport and Chemical
Evolution over the Pacific (TRACE-P) emission inventory
is used in the 36- (East Asia), 12- (East China), and 4-km
(greater Beijing area) domains. Furthermore, we develop a
local Beijing emission inventory that is used in the 4-km
domain. We also construct a corroborated mapping of
chemical species between the TRACE-P inventory and the
Carbon Bond IV (CB-1V) chemical mechanism before the
integrated modeling system is applied to study ozone (O;)
and particulate matter (PM) in Beijing. Meteorological
data for the integrated modeling runs are extracted from
MMS. Model results show O, hourly concentrations in
the range of 80-159 parts per billion (ppb) during sum-
mer in the urban areas and up to 189 ppb downwind of
the city. High fine PM (PM, 5) concentrations (monthly
average of 75 ug - m * in summer and 150 pg - m 2 in

IMPLICATIONS

This study develops a new modeling procedure for ap-
plication to Beijing, China. Refinements to the local Bei-
jing emission inventory beyond TRACE-P inventory are
needed to improve the simulation of Beijing’s air quality.
Obtaining reliable PM, s monitoring data is essential. Our
model can be particularly useful in air quality manage-
ment plans. The 4-km modeling configuration is also
recommended for the development of cost-effective air
pollution control strategies.
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winter) are simulated over the metropolitan and down-
wind areas with significant secondary constituents. A
comparison against available O, and PM measurement
data in Beijing is described. We recommend refinements
to the developed local Beijing emission inventory to im-
prove the simulation of Beijing’s air quality. The 4-km
modeling configuration is also recommended for the de-
velopment of air pollution control strategies.

INTRODUCTION

Beijing, the capital of China, is challenged by rapid eco-
nomic growth and high demands for energy resulting in
large part from the exponentially increasing number of
cars. The air quality is of critical concern because concen-
trations of pollutants such as ozone (O;) and particulate
matter (PM) remain high in Beijing. Government efforts
to control air pollution were initiated in the latter part of
1990, yet the improvements have been made only grad-
ually. According to the Beijing Environmental Protection
Bureau (BJEPB) report,’ O; concentrations exceeded the
China National Ambient Air Quality Standard (CNAAQS;
current national standards are Grade II : O; = 100 parts
per billion [ppb], coarse PM [PM,,] = 150 pg - m~3) for
101 days in 1998. The urban residential areas showed
observed 100-ppb hourly O; (Grade II standard) during
this time period in summer with a maximum hourly
observed concentration of 192 ppb. In 2005, data from
BJEPB revealed that O; concentrations exceeded the
Grade II standard for 57 days with a maximum hourly
value up to 212 ppb. In recent years, many measurements
of PM in Beijing found average summer daily PM,, con-
centrations ranging from 94 to 251 pg-m™ 3, often ex-
ceeding China’s Grade II standard (150 ug - m~3). Occa-
sionally, daily PM,, concentrations have exceeded
China’s Grade I1I standard of 250 pg - m~>. Average daily
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Figure 1. Greater China and Beijing 4-km modeling domains.

fine PM (PM, 5) concentrations measured in recent stud-
ies2 ranged from 75 to 169 pg - m—* and were well above
the U.S. National Ambient Air Quality Standards value of
65 pg - m~ 3. Numerous groups have conducted PM mea-
surements; however, few O, measurement studies have
been reported for the greater Beijing area.? Furthermore,
modeling studies of O; and PM,, s in Beijing are scarce; to
date, environmental modeling has only been conducted
by Wang and Li in 2000 (reported in Chinese journals)3+
and summarizing reports.>

Se have undertaken a study to conduct a regional
modeling assessment by developing a premier integrated
modeling system that links a regional chemical transport
model (Models-3/Community Multiscale Air Quality
[CMAQ)]),>7 and a meteorological model (Fifth Genera-
tion Mesoscale Meteorological Model [MMS5]),8 and ap-
plying it to the Greater China region. This is the first
attempt to model O, and PM with such an integrated
modeling system over China. This study focuses on the
greater Beijing area, including neighboring cities such as
Tianjin and the adjacent provinces Hebei, Shandong, and
Shanxi (Figure 1). To facilitate the use of the modeling
system for this study, it is essential to obtain high-quality
emission inventories for China. The O; and PM data must
accurately reflect variability in emissions in the study area
to be modeled.

The focus of this paper is twofold: (1) to apply the
Models-3/CMAQ and MMS5 models in an integrated
framework to establish the feasibility of simulating O;
and PM in Beijing, and (2) to identify the causes for high
O3 concentrations in July 2001 and high PM concentra-
tions in January and July 2001. The present literature is
limited in demonstrating the application of modeling in
the Beijing area, particularly O; modeling. This study
shows promise for providing China’s research groups with
a sophisticated modeling capability to investigate the
characteristics of air quality in China.

METHODS

We currently use an advanced modeling system with a
“one-atmosphere” perspective, the U.S. Environmental
Protection Agency’s Models-3/CMAQ modeling system.®”
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The numerical modeling system of Models-3/CMAQ si-
multaneously simulates the transport, physical transfor-
mation, and chemical reactions of multiple pollutants
across large geographic regions. The system is useful to
states and other government and international agencies
for making regulatory decisions on air quality manage-
ment, as well as to research scientists for performing at-
mospheric research. As a result, this integrated approach
allows us to model multiple air quality issues at various
scales for such issues as O5;, PM, visibility degradation,
acid deposition, and air toxics. Furthermore, the modular
design of CMAQ allows the user to build different chem-
istry transport models for simulating various air quality
scenarios.

Model Domain

On the basis of the Lambert Conformal map projection
centered at (34 °N, 110 °E), the model domain covers the
Greater China region including Beijing. Figure 1 shows
the nested grids at 36- by 36-km (D1), 12- by 12-km (D2),
and 4- by 4-km (D4) resolutions set up by the MMS5
meteorological processing model. There are 164 X 97
horizontal grid cells in D1, 175 X 211 in D2, and 90 X 90
in D4. Fourteen vertical layers are configured following
the Sigma (o) layer structure with more vertical layers near
the surface to better resolve the boundary layers. The
14-layer interfaces occur at: 1 (0 m), 0.995 (38 m), 0.988
(92 m), 0.98 (153 m), 0.97 (230 m), 0.956 (340 m), 0.938
(482 m), 0.893 (846 m), 0.839 (1300 m), 0.777 (1850 m),
0.702 (2557 m), 0.582 (3806 m), 0.400 (6083 m), 0.20
(9511 m), and 0.00 (16,262 m).

Meteorology

MMS v3.78 is used to provide meteorological input fields
for the model simulations. The 36-, 12-, and 4-km do-
mains and their meteorological outputs simulated by
MMS in the Greater Asia modeling effort® were used in
this work. The Meteorology/Chemistry Interface Proces-
sor (MCIP) 2.2 modele is used to process the MMS output
data into the format and structure required by the CMAQ
model. Basic structures, schemes, and relevant parameters
of the CMAQ and MMS5 models are shown in Table 1.
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Tahle 1. Basic structures, schemes, and relevant parameters of the CMAQ
and MM5 models

Models CMAQ

Horizontal resolution 36, 12, and 4 km

Vertical resolution 14 o, levels

Depth of first layer 38 m

Model top 16 km

Projection Lambert

Meteorology MM5/NCAR-PSU
Terrain: USGS data
Observation: NCEP
Physics: Kain-Fritsch cumulus schemes?*
PBL: Blackadar scheme2®
Mix phase explicit moisture schemes26
Cloud atmospheric radiation scheme?”
Force/restore surface scheme: Blackadar2s.29

Advection Piecewise parabolic

Vertical diffusion K-theory

Dry deposition Wesely 30

Wet scavenging Henry’s law

Gas chemistry CB-Iv
Aqueous chemistry Walcek3!

Notes: PSU, Pennsylvania State University; USGS, U.S. Geological Survey;
NCEP, National Centers for Environmental Protection.

Emission Estimates
Inventories of 11 major chemical species, initially gridded
at2’ (4 km), 6’ (12 km), and 18’ (36 km) resolutions, have
been developed by the Transport and Chemical Evolution
over the Pacific (TRACE-P) project. This inventory in-
cludes sulfur dioxide (SO,), oxides of nitrogen (NO,),
carbon dioxide (CO,), carbon monoxide (CO), methane
(CH,), non-methane volatile organic compounds
(NMVOC:s), black carbon aerosol (BC), organic carbon
aerosol (OC), ammonia (NH;), PM,,, and PM, ;. The
biogenic emission inventory from the Global Emissions
Inventory Activity (GEIA; an inventory from the Inter-
national Geosphere-Biosphere Program [IGBP], www.
geiacenter.org/) was also included. Detailed emissions are
considered by type of fossil fuel for the sectors of anthro-
pogenic combustion, which are aggregated into five
primary source categories of industry, residential, trans-
portation, power generation, and agriculture. Biomass
burning is calculated independently in three major cate-
gories: forest burning, savanna/grassland burning, and
the burning of crop residues. Emission inventories are
updated to year 2000 for each country in Asia and for each
province of China.'© However, the total annual emissions
of these 11 pollutants and the 18 subcategories of
NMVOCs developed by the TRACE-P project are not di-
rectly compatible with the Carbon Bond IV (CB-1V) chem-
ical mechanism that utilizes 22 chemical species in
CMAAQ. Different species of NMVOCs were merged into
higher aldehyde bases such as acetaldehyde (ALD2),
ethane (ETH), formaldehyde (FORM), olefin carbon bond
(OLE), paraffin carbon bond (PAR), toluene and other
monoalkyl aromatics (TOL), and xylene and other poly-
alkyl aromatics (XYL). PM, 5 and PM,;, were divided into
fine aerosols on the basis of the speciation profile devel-
oped by the U.S. Environmental Protection Agency (EPA)
(used by the Sparse Matrix Operator Kernal Emission
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[SMOKE] model,'! including the chemical speciation pro-
files [GSPRO] and speciation cross-reference [GSREF]).
Biogenic isoprene (ISOP) and terpenes (TERPB) were di-
rectly prepared by geographic information systems (GIS)
based on land-use information.'? Only domestic, agricul-
ture, biomass burning, and biogenic sectors are assumed
to have seasonal variations in China in the TRACE-P
project. Monthly operation hours of stoves for domestic
heating were estimated based on monthly mean temper-
atures for each province in China. Combustion emissions
for the domestic sector in January and July were estimated
based on the monthly profiles of stove hours. The
TRACE-P project provided the weekly and hourly profiles®
for emission processes. On the basis of a list of chamber
studies and chemical reactions,'3-17 the TRACE-P species
were mapped to the CB-IV chemical mechanism in Table
2. To model the 4-km inner domain in the greater Beijing
area, the TRACE-P values, which were primarily devel-
oped for regional- and continental-scale modeling, were
replaced by an updated local inventory for the eight dis-
tricts in the city of Beijing.

Initial and Boundary Conditions
The nest-down boundary conditions for the 12- and 4-km
simulations were provided by the parent 36-km CMAQ
domain. The clean-air background assumption is invalid
for these modeling applications, so the initial and bound-
ary conditions for the 36-km domain were obtained from
global chemical transport model (GEOS-Chem) results.18

Air Pollution Index (API) Calculation
PM,, and O5 concentrations are calculated using the API
published by the Beijing Municipal Environmental Protec-
tion Bureau. The API grading standard for urban air quality
is based on a daily average and is shown in Table 3. The API
of a certain pollutant is calculated by the equation:

Ihigh - Ilow

[= hsh Clow
Chigh - Clow

(C - Clow) + Ilow (1)

in which Cy,y, and Cy,,, are the two grading concentra-
tions (between two pollutant index), such as 0.05 and
0.15 mg/cm ™ for SO, daily average concentrations in the
Table 3, near the observed concentration C. I, and I,
are the corresponding pollutant indices of the two grad-
ing concentrations, such as 50 and 100 in Table 3. There-
fore, we can calculate the concentrations from the pub-
lished API according to Table 3 and the above equation.

RESULTS AND DISCUSSION

The climate in China is characterized by an Asian conti-
nental outflow in winter and a maritime breeze during the
summer. The winter climate typically exhibits north to
northwesterly winds over the eastern part of China,
which includes Beijing. However, the summer climate is
characterized by prevalent south to southeasterly winds
from the East Sea and the Yellow Sea. Consequently, areas
north of Beijing are dominated by a downwind flow
where O, can accumulate during the summer. To facili-
tate better air quality predictions, reasonable temporal
allocation and higher geographical precision of emission
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Table 2. TRACE-P species mapped to CB-IV.

Trace-P
No Pollutant Mw Mapping from Trace-P to CB-IV CB-Iv22 Pollutant mw
1  Ethane 30.0 24[9] + 2.5"[16] + 1.5*[31] ALD2 Acetaldehyde and higher aldehydes 32
2 Propane 44.0 [23] co co 28
3 Butanes 58.0 [6] ETH Ethene 32
4 Pentanes 72.0 [15] FORM Formaldehyde 16
5  Other alkanes 86.0 [30] ISOP Isoprene 68.12
6  Ethene 28.0 [27] NH, Ammonia 17
7  Propene 40.0 0.9421] NO NO 30
8 Terminal alkenes 56.2 0.1*[21] NO, Nitrogen dioxide 46
9 Internal alkenes 56.2 1.6 1] + 1.52] + 1.5*[10] + [24] + 0.5*[32] NR Nonreactive carbon -
10  Acetylene 26.0 [7] + [8] + 0.5*[32] + 0.5*[31] OLE Olefinic carbon bond (C=C) 32
11 Benzene 78.0 0.4*1] + 1.5*[2] + 4*3] + 5*[4] + 6*[5] + PAR Paraffin carbon bond (C=C) 16
[7] + 2*(8] + 1.5*[10] + 8.5*[32] + [11] +
417] + 1.33*[19] + 6*[31]
12 Toluene 92.0 [25] PEC Primary EC -
13 Xylenes 106.0 [29] - [28] PMC Coarse-mode PM (PM,, minus PM, ) -
14 Other aromatics 117.0 [28] - [25] - [26] -PNO - PSO, PMFINE  Fine-mode PM (other) -
15  Formaldehyde 30.0 [28]*X PNO, Primary nitrate aerosol -
16  Other aldehydes 88.0 [26] POA Primary organic aerosol -
17  Ketones 126.0 [28]*X PSO, Primary sulfate aerosol -
18  Halocarbons 150.0 [20] S0, S0, 64
19  Other 72.0 0.02*[20] SULF Sulfuric acid 96
20 SO, 64.0 [31] TERPB Monoterpenes 114
21 NOx 46.0 [12] + 0.5*[14] TOL Toluene (CgH,-CH,) 112
22 Co, 44.0 [13] + 0.5*[14] XYL Xylene (CgHs-(CHs)y) 128
23 €O 28.0 -
24 CH, 16.0 -
25 BC 12.0 -
26 0C 12.0 -
27  NH,4 17.0 -
28 PM,, -
29 PM,, -
30 ISOP (biogenic, GEIA) 5 carbons -
31 TERP (biogenic, GEIA) 10 carbons -
32 Other VOCs (biogenic, GEIA) 10 carbons

Notes: X will depend on sectors of SCC—same as CB-IV scheme.

sources are necessary. As Figure 2 indicates, the amount of
NO, emissions is typically (20%) higher in winter than in
summer because of increased energy demand during the
cold weather conditions. The importance of spatial allo-
cation is also demonstrated in the same figure with par-
affin emissions (one of CB-IV’s aggregated volatile organic
compound [VOC]) species), which are more diffuse with
local emissions around Beijing City.

The local emission inventory has higher emissions of
NO, (by 45%) and VOCs (by 24%) within the greater

Tahle 3. The API value and corresponding pollutant concentrations.

Beijing area than does the TRACE-P inventory. As a result,
predicted O, concentrations are higher when the local
inventory is used (Figure 3), and high O, concentrations
are more widely distributed north of Beijing. The site of
the 2008 Summer Olympic Games is located between the
fourth and fifth ring roads, due north of the city center of
Beijing, where the peak O, occurs at 159 ppb. We also find
higher O, concentrations at Dingling, an area 50 km
north of Beijing and downwind from Beijing. Figure 4
shows that high predicted O; concentrations occurred at

Pollutant Concentrations (mg/m?)

APl S0, (daily average) NO,, (daily average) PM,, (daily average) CO (hourly average) 0; (hourly average)
50 0.050 0.080 0.050 5 0.120

100 0.150 0.120 0.150 10 0.200

200 0.800 0.280 0.350 60 0.400

300 1.600 0.565 0.420 90 0.800

400 2.100 0.750 0.500 120 1.000

500 2.620 0.940 0.600 150 1.200
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Figure 2.
(d) Beijing local emission database. All are on 4-km Beijing domain.

Dingling on July 11 (179 ppb), July 15 (164 ppb), July 20
(159 ppb), and July 23 (137 ppb), 2001. During this pe-
riod, southerly winds prevailed over the whole domain
with noted high wind speed, resulting in O; transport to
the downwind area. At the Olympic Stadium site in Bei-
jing, the simulated maximum O; concentration occurs on
July 6 at 119 ppb, whereas a lower O; concentration
occurred at Dingling on that date, likely because of the
northerly wind transporting NO, and O, to the city cen-
ter of Beijing, as shown in Figure 4. This resulted in an O
peak downwind of the urban areas. Wang and Li in the
Chinese literature report that monitor data show maxi-
mum O, concentrations of 195 ppb at Peking University
(PKU) and 210 ppb at the Ming Tombs site in late June
2000.4 Over the same period of time, Wang and Li report
that their model simulations yielded an O, concentration
range of 70-90 ppb within the city at 2:00 p.m. local time
on June 26, 2000.3 Using their simulation-to-observation
ratio of 0.813, the average downtown O, concentration
can be as high as 110 ppb. Zhang et al.1® report that O,
concentrations within the city often vary between 50 and
100 ppb, and greater than 100 ppb for areas outside of the
city. The maximum predicted O; concentration of 159
ppb is underestimated if compared with the published
and unpublished literature and data, even when local
Beijing emissions are used; however, the spatial distribu-
tion of O is consistent with the measurements. A higher
O, concentration was measured in summer 2005 at a
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1-B-layer average: (NOc+NQO2c)
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(a) NO, emissions in January and (b) July 2001. (c) Paraffin emissions (one of CB-IV aggregated VOC species) from TRACE-P.

rural, mountainous site north of Beijing,2° which is con-
sistent with predictions from current CMAQ modeling. It
is evident that a south to southeasterly maritime breeze
makes the regions north of Beijing a downwind area.
With ample sunlight in summer, photochemical reac-
tions take place more efficiently. Because the O precur-
sors NO, and VOCs are mainly emitted in Beijing and
adjacent cities in the south and southeast, O; accumu-
lates north of Beijing when there is a southerly wind,
which is typical during the summer in Beijing. These
transport effects have been reproduced in this research
and in Streets et al.2 The NO,/VOC ratio in Beijing City is
2 to 3 times higher than most of the major cities on the
U.S. East Coast, which could be caused by underestimation
of VOC emissions.3 Thus, the closer estimation of uncer-
tainty in VOC emissions should be taken into account or O,
predictions may be underestimated because of O, titration
by nitric oxide (NO) in Beijing. We conclude that the sim-
ulated O, production in July corresponds well with the
observation data3 depicted in Figures 3 and 4.

Figure 5 depicts the modeled monthly average PM,, 5
concentration in the greater Beijing area during winter
and summer 2001. It is not surprising that the PM,
concentration in winter is twice that of summer. Measure-
ments of PM, s indicate similar winter-to-summer ra-
tios.21.22 High PM, 5 concentrations correspond to the
higher demand for heat and energy in winter. Simulations
for January 2001 gave rise to a monthly average of 150
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Figure 3. Maximal hourly O5 concentration using (a) TRACE-P emissions and (b) Beijing local emissions. Monthly average PM,, 5 episode
averages concentrations in (c) January and (d) July 2001. Star represents the city center of Beijing.

pg - m~* in the modeled domain in Figure 1. The daily
maximum PM,, 5 concentration of 162 ug - m~* occurs on
January 18. The simulated PM, 5 concentration is consid-
erably lower than that measured by Dan et al.,2° in which
they reported a December 2001 PM., 5 average of 257

AN

[ .
‘ = ‘\1/\’\‘@1&47&@‘/

=

vd

200
—&— Olympic Stadium Site
180 F

160

—— DingLing

140
120 F
JLIIR,

Concentration (ppb)

U
60 F
40 F
0 F

]

Figure 4. CMAQ model simulations of maximum daily O concen-
trations at the Olympic Stadium site and Dingling (north of Beijing
about 50 km in Figure 1) in Beijing for July 2001. The red vectors
represent wind directions and wind speeds.
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ng - m~* at Beijing Normal University (BNU), located in
the western part of downtown Beijing. Figure 3d shows a
northeast-southwest elongation of the PM, ; maximum,
which extends across the BNU site. The fraction of pre-
dicted PM, g contributed by OC is 18% for January 2001,
which is consistent with field data from Dan et al., in
which they reported an OC fraction of 16%. Elemental
carbon (EC) contributions are also similar between the
simulations and the observations (10 and 11%, respec-
tively). The monthly average PM, sconcentration was cal-
culated over the city of Beijing for July 2001. Composition
of the PM, 5 indicates that 17% of the average PM,
concentration of 75 ug - m > was contributed by OC and
10% by EC. The relative contribution by OC is quite
similar when compared with measurements of 19% at
BNU. The 10% EC generated by the model is moderately
higher than the 4% at BNU.20 O, and PM, 5 source
apportionment studies in the Beijing metropolitan ar-
eas were conducted by Yu et al.23 during the summer of
2006. Their observations reveal that biomass burning,
coal combustion, and industry make up 11, 19, and 6%
of the PM, 5 composition, respectively. Because these
are major sources of OC, the result is consistent with
observations and model results from summer 2001.
However, the simulated monthly average PM, 5 con-
centration is lower than the concentration of 104
ng - m* measured at BNU,2°0 and also lower than the
average of 93 pg - m 2 taken over five urban and rural
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Other
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Figure 5. Monthly average modeled PM, 5 composition in Beijing in (a) July and (b) January 2001.

sites.2! This suggests that the model is able to capture
the PM, 5 composition in the region as well as the
spatial patterns of the PM, 5 in both seasons. The un-
derestimation in the simulations may be associated
with missing emissions such as NO, and VOC emissions
in the TRACE-P and local inventories.

Similarly, the daily maximum PM,, concentrations
for July 2001 are also compared with API-derived obser-
vations. PM;, concentrations show a negative bias, con-
sistent with an underestimation of the magnitude of
PM,,. Uncertainties in VOC emissions and in organic
aerosol production may be heavily influencing the PM,,
predictions in the previous section as Streets et al. dis-
cussed.? Nevertheless, the model correctly represents pro-
cesses that contribute to PM;, accumulation, because the
overall trend is consistent with the API record. Winds
from the south also play an important role in the PM;,
concentrations. Streets et al. demonstrate that weak south
winds are favorable for regional transport of particulates
from neighboring provinces.?

CONCLUSIONS

We have developed the first integrated modeling system
on the basis of a MMS5/Models-3/CMAQ application by
using initial and boundary conditions provided by the
GEOS-Chem global chemistry transport model to estab-
lish the feasibility of simulating the regional air pollutants
of O; and PM, 5 in the greater Beijing area. We also
constructed a corroborated mapping of chemical species
in TRACE-P to the CB-IV chemical mechanism. Simulated
O, concentrations ranged from 80 to 159 ppb in the
urban areas during summer. The model results are consis-
tent with measurements that show high O, concentra-
tions in summertime in the mountains to the north (Din-
gling) of Beijing, which is downwind of the urban center
amid south to southeasterly maritime breezes. With am-
ple sunlight in summer, O, precursors in Beijing and
adjacent cities in the south and southeast further enhance
O; concentrations in the north. The NO,/VOC ratio in
Beijing City is 2-3 times higher than most of the major
cities on the U.S. East Coast, which could be because of
underestimated VOC emissions. As such, the uncertainty
in VOC emissions should be considered for O, predictions
that may be underestimated because of Oj; titration by
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NO. We conclude that the simulated O; production by
using the advanced modeling system in July captures the
typical trend and spatial distribution of O; in Beijing in
the summer months, but tends to underestimate the ex-
treme O4 concentrations that were observed.

Monthly average PM, < (75 pg * m~? in summer and
150 wg - m 3 in winter) concentrations are also reported
for the metropolitan and downwind areas. The CMAQ
model predicts PM, 5 concentrations in the winter that
are twice as high as concentrations in the summer, which
is consistent with observations. The model also captures
the observed composition and spatial patterns of PM, s.
However, the model underestimates the API-derived
PM, 5 concentrations. It is possible that the API-derived
values are not correct because of the approximations of
the published API data from ranges of the leveled concen-
trations in the API table. Uncertainties in both the
TRACE-P and local emissions may be contributing to
model underestimates as well. With reliable PM, s moni-
toring data, we recommend refinements to the local Bei-
jing emission inventory to improve the simulation of
Beijing’s air quality. Our model can be particularly useful
in developing air quality management plans. The 4-km
modeling configuration is also recommended for the de-
velopment of cost-effective air pollution control strategies
with reliable model settings.
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